ABSTRACT -The aim of this study was to evaluate the spatial dependence between chemical properties of the soil and yield components in the soybean using precision farming techniques. Samples of the soil and plants were taken from georeferenced points to determine the chemical properties of the soil and the yield components. The results were submitted to Pearson correlation analysis, descriptive statistics and geostatistics. The coefficient of variation showed a wide range of distribution for the chemical attributes of the soil, with the highest indices being found for the levels of available phosphorus (102%) and potassium (72.65%). Soil pH and organic matter showed a coefficient of variation of 5.96 and 15.93% respectively. Semivariogram analysis of the yield components (productivity, 1,000-seed weight and number of seeds) and the chemical properties of the soil (organic matter, pH, phosphorus, potassium, calcium, magnesium, boron, manganese and zinc) fitted the spherical model with moderate spatial dependence, with values ranging from 200 to 700 m. Spatial distribution by means of map interpolation was efficient in evaluating spatial variability, allowing the identification and quantification of regions of low and high productivity in the production area, together with the distribution of soil attributes and their respective levels of availability to the soybean plants.
INTRODUCTION
The production of seeds of high physiological quality is influenced among other factors, by the chemical properties of the soil. To this end, it is necessary to understand and quantify variations in these properties, both horizontally and vertically, since soils, which are dynamic and open systems, are always changing, and thereby forming heterogeneous bodies. In precision farming, the soil is not treated as homogeneous, and its spatial variability is only considered with a view to the exploitation and monitoring of productive features. This makes precision farming a management strategy that seeks to rationalise the use of such inputs as pesticides and fertilisers, while preserving natural resources (AMADO et al., 2009; SOUZA et al., 2010; WERNER et al., 2007) .
Variations in productivity may be inherent to the soil or the climate, or even induced by the method of crop administration interacting with the plant genotype. Changes in the physical, chemical and biological properties of the soil, caused by management practices, include: soil compaction by the traffic of agricultural machinery; variations in plant stand in the field; and the level of nutrients in the soil, due to non-uniform distribution of seeds, fertilisers and/or correctives (ANTUNIASSI, 2012; WERNER et al., 2007) .
The use of a georeferenced information system in the context of precision farming is a powerful tool in the evaluation of the quantitative and qualitative factors responsible for the spatial variability of productivity in seed production in the field (AMADO; SANTI, 2010) . In this context, a method of random sampling, which uses an average to characterise a given yield factor, is not enough to quantify how spatial variability can improve the efficiency of a system of crop production (RIFFEL et al., 2012; SOUZA et al., 2006) .
Studies have shown that the spatial variability of soil attributes is not entirely random, displaying a spatial correlation or dependence (MATTIONI; SCHUCH; VILLELA, 2011; MONDO et al., 2012) . In this respect, an agricultural system which uses precision farming requires three subsystems: sensing (data collection), management (decision making) and control (data organisation). The study of spatial variability, for the purpose of using data collection in any one area, therefore becomes an essential part of precision farming (LUZ; LUZ; GADOTTI, 2013; MESTAS et al., 2010) .
For Zanão Junior, Lana and Guimarães (2007) , soil management results in changes in the natural variability of the soil, especially in the surface layers. Knowledge of the spatial distribution of chemical attributes helps proper land usage, implementation of crop treatments and the identification of areas requiring different management practices (FERRAZ et al., 2012) . In this respect, the aim of this study was to evaluate spatial dependence between the chemical properties of the soil and the yield components of soybean seeds through techniques of precision farming.
MATERIAL AND METHODS
The work was carried out in the field, using the TEC 5936 IPRO cultivar of soybean, in the town of São Gabriel, in the State of Rio Grande do Sul, Brazil (30 o 19'55'' S, 4 o 11'06'' W, at a height of 120 m), in an area of 39 hectares, destined for the production of soybean seeds, during the 2012/2013 season. Analyses of the chemical properties of the soil, and of the yield components were carried out respectively in the Soil Analysis Laboratory and the Seed Analysis Laboratory, both at the Federal University of Pelotas.
Using a contour map of the area, monitoring points were allocated spaced 100 x 100 m apart, and featuring one central sampling point per hectare, with four sub-points 15 m from the centre point, each radial separated by an angle of 90° (Figure 1 ).
The central sampling points were defined based on the method of systematic sampling, following a regular sampling grid, where the points are marked out along a predefined pathway, and based on the contours of the field (MATTIONI; SCHUCH; VILLELA, 2011).
Direct seeding into straw was carried out on 5 November 2012, using a seeding machine equipped DO SOLO, 2004) . Sub-samples of soil were collected at a depth of 0 to 0.10 m at five points, with the five sub-samples making up the sample average for each sampling point. To mark out the sites for collection of the soil samples and other variables under study, a central monitoring point was considered, where one subsample was collected, with the other four being collected 15 m from this central point, at an angle of 90 o between radials ( Figure 1 ).
Harvesting took place on 28 March 2013. The pods were removed from the plants and later underwent manual threshing to yield seed samples from all points on the sampling grid. The samples were subjected to artificial drying in a forced air circulation oven at a temperature of 30 °C, until reaching a water content of 12% (BRASIL, 2009).
The following evaluations were carried out so as to determine the yield components: Productivity (PROD): estimated by the average of 5 m 2 of working area per hectare, where the samples were weighed on a digital balance with a precision of 0.01 g, and the values transformed into kg ha -1 and corrected for a moisture content of 12%.
Thousand seed weight (TSW): obtained from the manual count of eight sub-samples of 100 seeds. The seeds from each average sample point were then weighed, and the coefficient of variation between them calculated. Where the coefficient of variation was greater than 4%, the operation was repeated. For values within the tolerated range, the result was obtained by multiplying the average weight of the eight subsamples of 100 seeds by 10, thereby obtaining the 1000 seed weight (BRASIL, 2009).
Number of seeds (NS): determined from the average from 5 m 2 of working area per hectare, where the plants were threshed by hand, and the pods separated according to the number of seeds; the number of seeds per m 2 was then determined.
The results were analysed employing descriptive statistics, linear Pearson correlation and geostatistics. Kriging was used as the geostatistical interpolation method in the preparation of the digital models, with a maximum search radius of 100 m. The digital models (maps) were elaborated using the Sistema Agropecuário CR -Campeiro 7 software (GIOTTO; ROBAINA, 2007) . The semivariogram was estimated from the following expression:
where N (h) is the number of experimental data pairs separated by distance h; Z (xi) is the value determined for each sampled point; Z (xi + h) is the value measured for a point at a distance of h.
The nugget effect coefficient (E%) was calculated from the equation (C 0 /C 0 +C) x 100, where: C 0 is the nugget effect and C 0 +C the sill, with the results expressed as a percentage. The spatial dependence ratio (SDR) was determined based on the results of the nugget effect coefficient. In this regard, semivariograms presenting an SDR of less than or equal to 25% show strong spatial dependence. The dependence will be moderate if this ratio varies from 25% to 75%, and weak if this value is greater than 75%, according to a classification proposed by Cambardella et al. (1994) .
RESULTS AND DISCUSSION
The descriptive measurements determined for the chemical properties of the soil (organic matter, pH, phosphorus, potassium, calcium, magnesium, boron, manganese and zinc) and for the yield components (productivity, 1000-seed weight and number of seeds) are shown in Table 1 . Among the chemical properties of the soil, the coefficient of variation (CV) showed a range of values for the variables under study of from 5.96 to 102% for soil pH and available phosphorus, and from 15.93 and 72.65% for organic matter and potassium respectively.
The variability of an attribute may be classified according to the magnitude of the coefficient of variation (FREDDI et al., 2006) . The high values found for the coefficient of variation for phosphorus and potassium (Table 1) show a marked variation in the concentration of these elements in the area being sampled. However, pH and organic matter displayed a low coefficient of variation.
Phosphorus has the highest probability for there not being any spatial dependence in low-density samples (AMADO et al., 2009) . It is important therefore to note that, depending on the attribute under study, an increase in the area of the sample can hinder geostatistical adjustments made in the preparation of reliable maps. The residual presence of previously used fertilisers can explain the change in phosphorus concentrations, considering the history and the method of application in rows, while the correction of soil acidity and deposition of crop residue is carried out by broadcasting in Schlindwein and Anghinoni (2000) , who found high coefficients of variation for phosphorus and potassium, and low coefficients for pH and soil organic matter.
In characterising the chemical properties of the soil (SOCIEDADE BRASILEIRA DE CIÊNCIA DO SOLO, 2004) , the lowest range was identified for soil pH, classified as very low, with a minimum value of 4.00, maximum of 5.10, average of 4.67 and coefficient of variation of 5.96% (Table 1) . The recommended values for this variable in the soybean crop are in the range of 5.50 to 6.00, and that when under these conditions the following should occur: a) the neutralisation of toxic aluminium; b) the elimination of manganese toxicity; c) a better use of soil nutrients; d) suitable conditions for such natural processes as the release of nutrients present in organic matter, and the fixation of atmospheric nitrogen (SOCIEDADE BRASILEIRA DE CIÊNCIA DO SOLO, 2004) .
Average yield in the production area was 2,964.6 kg ha -1 , varying from 2,006 to 3,456 kg ha -1 with a magnitude of 1,450 kg ha -1 , however with a low coefficient of variation (9.86%) ( Table 1) . Evaluating the spatial variability for yield in areas of soybean production, Mattioni, Schuch and Villela (2011) and Mondo et al. (2012) obtained coefficients of variation of 9.6% and 6.5% respectively. On the other hand, when analysing variability in soybean yield by soil attribute, Johann et al. (2004) diagnosed an average variability expressed by a coefficient of variation of 14% and 23% respectively. According to Conab (2014) , for the crop of 2013/2014, Brazilian production of soybeans reached 86.2 million tonnes, for a cultivated area of 30.2 million hectares and an average yield of 2,854 kg ha -1 , lower than the average obtained in the present production area.
Spatial variability for the variables analysed in Table 1 can be seen in the spatial maps for these variables (Figure 2) .
A coefficient of variation of 3.29% was recorded for 1000-seed weight, the lowest index among the variables under study, with minimum and maximum values of 181.76 and 209.52 g respectively ( Table 1) . The reduced variability can be seen in the spatial distribution of the variable (Figure 2) . Low values for the coefficient of variation for 1000-seed weight were also found by Mondo et al. (2012) .
The coefficients of skewness and kurtosis were different from zero for all tested variables (Table 1) . Skewness was negative for organic matter, pH, yield, thousand-seed weight and number of seeds. However, kurtosis had negative values for organic matter, calcium, magnesium, manganese and thousand-seed weight. Similar results were found by Cambardella et al. (1994) . Skewness represents the degree of deviation of a curve in the horizontal direction, which may be positive, with a greater concentration of high values, or negative, with a Pearson linear correlation analysis for the chemical properties of the soil and yield components of the seed showed no correlation between variables (Table 2) . Low correlation between crop yield and the chemical properties of the soil was also found by Mondo et al. (2012) . The absence or even low levels of correlation may indicate that other factors are affecting crop performance, requiring more detailed investigation. For Motomiya et al. (2011) , in the comprehensive management associated with precision farming, it is necessary to adapt the recommendations, considering for example the use of modern cultivars, the expected productivity, and the characteristics which involve the spatial variability of the soil in the production area.
The spatial distribution of the chemical properties of the soil and of the yield components were established by analysis of the semivariograms and their components (Table 3) . Broadly speaking, significant variations were found in the range of spatial dependence for all variables, with values varying from 200 to 700 m. The range indicates the limit of spatial dependence of a variable, so that determinations made at distances which are greater than this value will have random spatial distribution, and are therefore independent and may be applied to classical statistics. Moreover, determinations made at smaller distances will be correlated, allowing interpolations at distances less than those sampled (ANDRIOTTI, 2013) . Consequently, range values are important in planning future sampling, allowing grids to be dimensioned and the number of sampling points to be estimated (SOUZA et al., 2006) . According to Oliveira et al. (1999) , knowledge of range values and the locations of areas where the greatest and/or lowest levels of a certain chemical attribute are concentrated, are essential for planning the management of soil fertility in precision farming. 
By analysing the parameters of the semivariograms (Table 3) , it was found that all the variables fit the spherical model, agreeing with the results of research that indicate this model as being the most common for soil attributes (DALCHIAVON et al., 2012; MONTANARI et al., 2008) . Among the chemical properties of the soil, the coefficient of determination (R 2 ) was between 0.728 for phosphorus and 0.997 for pH. Whereas for the yield components, the observed variation was 0.988 for number of seeds to 0.994 for productivity. Values greater than 0.728 for soil properties and 0.988 for yield components show respectively that 72.8% and 98.8% of the variability found in the values for estimated semivariance can be explained by the fitted models (SOUZA et al., 2006) . Evaluating the spatial variability of the chemical properties of the soil and of productivity in maize, Silva et al. (2010) found a coefficient of determination ranging from 0.85 for productivity to 0.99 for base saturation and aluminium.
Values for the nugget effect (C 0 ) and sill (C 0 + C 1 ) displayed an outstanding range of destruction, from 0.006 to 33,549.24 and 0.012 to 89,313.37 respectively ( Table 3 ). The nugget effect, an important parameter of the semivariogram, is an indication of unexplained variability, considering the sampling distance used. The greater the difference between the nugget effect and the sill of the semivariogram, the greater will be the continuity of the phenomenon, and the lower the variance of the estimate or the greater the confidence to be had in that estimate (VIEIRA, 2000) . The ratio between values of the nugget effect and of the sill establishes the degree of spatial dependence (DSE) of the variables under study (CAMBARDELLA et al., 1994) .
Spatial distribution of the chemical properties of the soil and of soybean yield in the field The nugget effect coefficient (E%) had minimum and maximum values of 30.79% and 52.37%. The spatial dependence ratio (SDR) was obtained as per a classification proposed by Cambardella et al. (1994) , showing that all the variables had moderate spatial dependence. This criterion is based on the results of the nugget effect coefficient of the variables being between 25% and 75%. These data show that the semivariograms can explain most of the variance in the experimental data. Evaluating the spatial variability of the chemical properties of the soil, Mondo et al. (2012) and Vieira et al. (2010) observed moderate to strong variations for the spatial dependence ratio. According to Luz, Luz and Gadotti (2013) , variograms with a moderate to strong spatial dependence structure generate more accurate kriging maps than those generated with weak spatial dependence, due to the smaller contribution of the random component to the variability of the data.
The spatial distribution maps for the variables under study provided an adequate diagnosis of the distribution of soil attributes and yield components, displaying sensitivity in identifying minor variations (Figure 1 ), similar to that obtained by Montanari et al. (2008) , and Motomiya et al. (2011) . A large range can be seen for the chemical properties, revealing problems that can occur when using average values for fertility management. For certain locations in the production area, the application of fertilisers will be lower than required, in some it will be consistent with requirements, and in others excessive doses may be applied, compromising the productivity and quality of the seeds. In their research, Mattioni, Schuch and Villela (2011) , and Mondo et al. (2012) found that the physiological quality of soybean seeds is not uniform across production areas, with vigour displaying greater sensitivity, and therefore greater variability, in comparison to germination.
CONCLUSIONS
1. The highest values for spatial variability in the production area for soybean seeds, measured by the coefficient of variation, were seen for phosphorus and potassium, while organic matter, pH and yield components had the lowest coefficients of variation;
2. The spatial distribution of properties using interpolation maps was efficient in identifying and determining spatial variability. The chemical properties of the soil displayed moderate spatial dependence, with values ranging from 200 to 700 m. 
